ANAESTHETIC MANAGEMENT
Preoperative assessment of the patient for anaesthesia begins two to three weeks prior to the scheduled surgery date. Where possible, the patient is seen by the anaesthetist, however for rurally based patients the initial assessment may be done by telephone consultation. While preoperative assessment includes review of systems that would commonly be done for all types of surgery, of particular importance is knowledge of location and pathology of the tumour and type and impact of preoperative adjuvant therapy.
An understanding of the type, location and size of tumour helps the anaesthetist assess the possible extent of surgery required. Close liaison with the surgeon occurs at this stage to ascertain the type of surgical procedure planned including the proposed method of pelvic reconstruction. For example, large tumours, requiring extensive resection with close proximity to vascular structures will be more likely to have larger blood loss, greater tissue trauma and need for intensive postoperative support than those which are smaller and in a more favourable surgical position. Tumours that are situated posteriorly in the pelvis are more likely to involve complicated dissection around the lumbo-sacral plexus and take considerably longer than an equal sized tumour situated anteriorly in the pelvis. The internal iliac vessels are more likely to be troublesome when tumours are situated posteriorly in the pelvis. Anterior pelvic tumours that require dissection near the bladder neck are problematic because of the perivesical venous plexus that often bleeds heavily or continuously. Bone cuts expose bleeding bone and can provide a sustained source of haemorrhage. Renal cell metastatic tumours are exceptional in being highly vascular and are associated with massive blood loss during surgery.
In patients who have been receiving preoperative chemotherapy or radiotherapy, it is important to assess the impact of such treatment on bone marrow function. Full blood examination may show anaemia, profound leucopenia or thrombocytopenia. Consultation is made with the patient's oncologist to determine whether the haematological disturbances will correct themselves prior to surgery or whether In anticipation of major blood loss during surgery, the date of surgery and the blood and components that may be required. An order for 40 units of packed red cells, 20 units of fresh frozen plasma and 20 units of platelets is made. With this advance notice, in many of the cases, the Red Cross Blood available for surgery. Although the data from this series suggests that in most cases far fewer blood products are used than have been ordered, we remain concerned that unanticipated massive blood loss could occur, under which circumstances there would to adequately manage the haemorrhage. For this reason the preoperative ordering of a large amount of blood products has not changed.
The hospital intensive care unit (ICU) is also as well as the possible duration of stay in ICU, so that resources can be allocated in advance.
As with any prolonged surgery careful attention needs to be given to prevention of peripheral nerve compression. The patients were positioned in the lateral position with the side supports spread widely apart. The position is shown in Figure 1 . This allows the patient's body, when the operating table is rolled laterally from left to right side, to move through an position to the surgeon is that the rolling manoeuvre allows both anterior and posterior parts of the pelvis to be accessed. The consequences for the patients are that the points of potential nerve compression change each time the patient is moved as well as a risk of breathing circuit disconnection or dislodgement. Checking by the anaesthetist of areas at risk of compression neuropathy needs to be performed each time the patient is rolled from one side to the other. Hemipelvectomy is associated with massive blood loss at high rates. Bleeding occurs from bone margins, small vessels and major pelvic arteries and veins. In the postoperative period further bleeding occurs, requiring transfusion of approximately another third of that given during surgery. Pelvic resections are classified by Enneking and Dunham 2 into four types: iliac (T1), acetabular (T2), pubis or ischium (T3) and sacral (T4). In this series, combinations of these procedures were also performed with high (H1) or without high femoral resection (H0). These resections are graphically shown.
as less than half of the blood is collected in the surgical sucker container or contained within the surgical packs. The remainder of the blood is spilt then covered by the surgeon with the application of fresh drapes over the ones soaked with blood. Coagulopathy, resulting from massive blood transfusion, commonly occurs. Hourly blood samples are drawn for prothrombin time, activated partial level. Management of coagulopathy is with platelets and fresh frozen plasma. One patient in this series was given cryoprecipitate to treat a very low plasma Adjuvant treatment prior to surgery was received by 21 patients. Nine received chemotherapy alone, six received radiotherapy alone and six patients received both chemotherapy and radiotherapy.
The type of anaesthesia used was the choice of the treating anaesthetist and is detailed in Table 3 . Epidural catheters, where used, were inserted at the T11 to T12 or T12 to L1 interspaces prior to induction of general anaesthesia. The epidural cannot be sited any lower than this level, as the catheter site would be in the area of the surgical incision. blood replacement as well as blood component therapy used to treat coagulopathy. One patient who received 44 units of packed cells also received four units of cryoprecipitate. The mean International day was 1.36 (range 1.1 to 1.6) and Activated Partial Thromboplastin Time (APTT) was 32.7 s (range 25 to 53). On postoperative day two, the mean INR was 1.33 (range 1.2 to 1.6) and the mean APTT was 32.2 s (range 21 to 58). Table 1 summarises the types of pelvic resections performed, as well as the reconstruction methods used 2,3 .
The demographics of the patient population, are shown in Table 2 .
Of the 38 patients for excision of primary malignancy, the most common tumours were osteosarcoma (5), Ewing's sarcoma (5) and the types were colorectal, vulval, renal cell, squamous cell and lung carcinoma (one of each).
Anaesthesia and Intensive Care, Vol. 35, No. 4, August 2007 Nineteen patients received an intravenous infusion of aprotinin, two million kallikrein inhibitor units (KIU) loading dose, followed by 0.5 million KIU per hour by continuous infusion. The decision to use aprotinin was made by the treating anaesthetist.
at St. Vincent's in 2001. In this series there did not appear to be a difference in red cell transfusion or blood component usage between the groups that did or did not receive aprotinin, although the audit was management. Table 5 shows the duration of surgery, intensive care stay, postoperative ventilation and total hospital stay. Two patients had prolonged intensive care stays substantial intraoperative bleeding and haemostasis was not achieved at the end of surgery due to venous bleeding. The wound was surgically packed and the patient returned to the operating theatre on three further occasions over the following week for change of packs, until closure of the wound could be achieved. The decision was made by the intensive care specialist to maintain sedation and positive pressure ventilation (140 hours) in intensive care of the surgical ward at that time to provide optimal care. The mean pH on admission to the recovery room or intensive care unit was 7.31 (range 7.09 to 7.48) and temperature 36.0°C (range 34.3 to 37.5). alone were given intravenous morphine via a patient controlled analgesia pump, which was supplemented by regular paracetamol.
The duration of hospital stay was dependent on a number of factors. An important factor impacting stay was that some patients underwent rehabilitation at St. Vincent's (with therefore long duration of stay), while others were transferred early in their postoperative course to other healthcare facilities for ongoing care and rehabilitation. Table 6 shows the overall postoperative complications in this series. The peripheral nerve lesions consisted of three common peroneal nerve palsies, one sciatic nerve palsy, two patients with urinary incontinence and one with erectile dysfunction. These neurological lesions were all directly related to the surgery performed and were expected. One patient in this series died intraoperatively due to complications relating to massive blood loss. The massive blood loss was was related to extensive pelvic venous bleeding from the area of tumour excision, which could not be stopped surgically. Gastrointestinal 0
Infections
Pneumonia 0
Surgical wound 14

No complications 28
In hospital death 1
The method used for postoperative analgesia was dependent on the technique chosen for anaesthesia. The 41 patients who had an epidural catheter placed were managed with a continuous infusion of ropivacaine 2 mg/ml with fentanyl 4 g/ml. The infusion was commenced in the intensive care unit or recovery room once the patient had become haemodynamically stable. The mean duration of infusion was 4.25 days (range 3 to 6 days). The two patients who received spinal anaesthesia were administered intrathecal morphine 200 g. The remaining patients who had general anaesthesia
DISCUSSION
The rate of blood loss during hemipelvectomy can be very high. In this series, one patient had a blood loss of 750 ml/min, which continued for 35 minutes. Large bore intravenous sheaths (8-9 French) are placed either in the antecubital fossa or internal jugular vein. Monitoring of cental venous and intra-arterial pressure is routine. To manage the transfusion equipment has been developed by the cardiopulmonary perfusion team at St. Vincent's Hospital. This system consists of a cardiotomy reservoir (from cardiopulmonary bypass circuit), with tubing exiting the reservoir to a roller pump. Tubing passes from the roller pump to a high air embolism from the circuit. The roller pump can be to the patient, from 100 ml/min to 1500 ml/min. A 'Y' piece at the patient end allows the blood to either be transfused into the patient or returned by tubing to the cardiotomy reservoir.
Patient heat loss during hemipelvectomy is internal viscera to the operating room air. The many complications of perioperative hypothermia have been reviewed by Sessler 4 . Of particular importance is the potential for hypothermia to compound coagulopathy. Forced air warming is continuously applied to the patient preoperatively in the anaesthetic room, during surgery and postoperatively in the intensive care unit. The mean temperature of 36.0°C (range 34.3 to 37.5°C ) taken immediately following surgery demonstrates the effectiveness of the continuous use of forced air warming and the Aprotinin has been shown to effectively reduce intraoperative and perioperative blood loss and blood transfusion in major orthopaedic surgery 5, 6 . In this audit, 19 patients were administered intravenous aprotinin. Aprotinin has been routinely used for hemipelvectomy since 2001 in line with publication of clinical research and reports of its effective use in both orthopaedic and cardiac surgery. In this series aprotinin clinically appeared to decrease microvascular blood loss from cut bone margins. haemostasis due to the tumour obstructing vascular and volumes. Aprotinin would not be expected to decrease this type of bleeding. The potential for major blood loss depends on the anatomical size, proximity to major blood vessels and pathology of the tumour being resected, all factors which impact FIGURE 3: Rapid blood transfusion system showing roller pump, high capacity fluid warmer and cardiotomy reservoir. Clamping of the circuit at point B will allow blood to be transfused to the patient and clamping at point A will cause blood to be returned to the cardiotomy reservoir. on surgical complexity. These tumour characteristics are very different for each case performed and therefore there is considerable variation in the amount of blood loss from surgery for each patient. Apart from clinical impression, it would not be of aprotinin for hemipelvectomy from this series.
Cell salvage was not performed because of the risk of reinfusion of neoplastic cells and therefore the potential to induce metastatic disease 7 . The use of intraoperative irradiation for salvaged blood has been reported by many centres. The radiation inactivates proliferating tumour cells in the wound blood 8 . Although not available at St. Vincent's Hospital, this process may be an important consideration for the future in order to conserve homologous blood resources. Induced hypotension was also not used due to the potential for increased haemodynamic instability during periods of rapid blood loss.
Cardiovascular collapse, due to embolic particles in the pulmonary circulation, can occur during the reconstruction phase of the hemipelvectomy. Reaming and pressurising of the femoral canal releases emboli into the circulation 9 , which include thrombogenic 10, 11 . This syndrome is well recognised and has been reported in hip arthroplasty, knee fractures [12] [13] [14] . In a study of 45 intramedullary nail 15 , 10% of patients were found to have pulmonary embolic syndrome during surgery and of these, 30% died during surgery.
Of the 16 patients in this series who had femoral prostheses inserted, all experienced cardiovascular instability at the times of reaming and pressurisation. While most likely due to pulmonary embolic syndrome, the many other factors contributing to cardiovascular dysfunction during hemipelvectomy make the individual causation less clear. Management of the cardiovascular instability was (metaraminol). No patient in this series required inotropic support. It is very important for the anaesthetist to be aware of the potential for profound cardiovascular collapse during femoral manipulation for the pelvic reconstruction. Pre-emptive management involves ensuring normovolaemia, increasing the inspired oxygen concentration and minimising use of negative inotropes and vasodilators such as volatile agents. If cardiovascular collapse occurs, the use of adrenaline or a vasopressor such as performance is recommended.
The role of transoesophageal echocardiography (TOE) for diagnosis of pulmonary embolic syndrome occurring during arthroplasty is not clear. The technique is very sensitive for the detection of emboli passing into the right atrium and ventricle. When used for hip arthroplasty, showers of emboli during reaming and cementing of the acetabular and femoral components and during relocation of the hip joint are seen in up to 98% of cases 9 . No correlation was observed between frequency or size of embolic particles and either blood gas or haemodynamic variables studied at the same time 9 .
However, when intraoperative emboli, measured by TOE, were graded off-line by a blinded observer between size and decreases in oxygen saturation, end-tidal carbon dioxide, systolic blood pressure and an increase in pulmonary shunt 16 . The use of transoesophageal echocardiography at a time of profound cardiovascular collapse has the potential to seriously distract the anaesthetist, when attention should be directed at treating the patient. For this reason, as well as the high sensitivity of TOE in relevance of emboli, we do not recommend that TOE be routinely used for hemipelvectomy.
Thirty-one patients in this series remained electively intubated following surgery. The reasons for this include massive blood transfusion, ongoing bleeding, coagulopathy and acid base imbalance. facial, pharyngeal and laryngeal oedema at the end of surgery, due to the large amount of intraoperative slight head down and lateral position. The patients were transferred to the ICU for postoperative management and correction of coagulopathy.
Postoperative pain management in these patients, due to the substantial area and site of the surgery is a continuous epidural infusion of ropivacaine 2 mg/ml with fentanyl 4 g/ml. Supplementary paracetamol on a regular basis was given but nondue to the problems of pre-existing coagulopathy. Epidural catheters were only removed when coagulation tests had returned to normal values.
The risks of epidural anaesthesia in association with anti-coagulation therapy have been well described previously 17 . There is little documentation Anaesthesia and Intensive Care, Vol. 35, No. 4, August 2007 of the risks of epidural haematoma where coagulopathy has evolved intraoperatively as a result of massive blood transfusion. Careful postoperative monitoring of the epidural analgesia is performed to detect early onset of neurological complications. There were no neurological complications from the use of neuraxial block in this series. Of note, the INR and APTT values for the patients on postoperative day one and postoperative day two were all within acceptable limits for management of an epidural catheter. Coagulopathy was therefore rapidly corrected in the early postoperative period in this series. It is the opinion of the authors that superior pain relief for hemipelvectomy outweigh the risks of epidural haematoma. The practice of using epidural local anaesthetic infusions for postoperative analgesia has been observed at other centres performing hemipelvectomy internationally.
In conclusion, the anaesthetic management of patients for hemipelvectomy is challenging and size of the pelvic tumours which are closely anatomically related to the nerves, vessels and viscera of the pelvis and lower limb. Consequently, the operations are long and may be associated with resources involving anaesthesia, surgery, intensive care and blood transfusion services. Perioperative pain management is complex with the use of continuous epidural infusions requiring constant attention to minimise possible complications.
the anaesthetic management of hemipelvectomy in a large series of patients. There is no published benchmark for comparison. The surgical and perioperative care of hemipelvectomies requires a dedicated team approach to maximise quality, minimise morbidity and provide the best possible outcomes for our patients.
